Experiments were performed to assess the reduction of Campylobacter spp. and Escherichia coli in commercial broiler carcasses by postchill dip applications of acidified sodium chlorite. Carcass rinses were collected before the inside-outsidebird washer (IOBW), post-IOBW, postchill, and after the postchill application of acidified sodium chlorite. Prevalence and counts of Campylobacter spp. and E. coli were determined. The mean values for Campylobacter spp. and E. coli counts differed significantly at sampling sites. The IOBW reduced the bacterial counts significantly in only one experiment. The chiller reduced Campylobacter counts significantly in both experiments but failed to significantly reduce the counts of E. coli in one experiment. No major reduction in the prevalence after enrichment for Campylobacter spp. was detected post-IOBW or postchill. However, a significant reduction in Campylobacter spp. and in E. coli counts and Campylobacter spp. prevalence was seen after the postchill application of acidified sodium chlorite. These results demonstrate that the antimicrobial effect of acidified sodium chlorite applied postchill may be used to significantly reduce Campylobacter spp. and E. coli in commercial broiler carcasses. Postchill systems may eventually be used in different applications, such as mist, spray, or bath, which could be applied closer to the final stages in processing.
Campylobacters are a common cause of diarrhea in humans worldwide (1, 2) . In the United States, an estimated 2.4 million people may contract campylobacteriosis annually (22) . Recent U.S. studies have shown a high prevalence of Campylobacter contamination of raw retail poultry products (9, 18) . Mishandling of raw poultry and consumption of undercooked poultry are important risk factors (7, 28) and potential contamination sources (23) in human campylobacteriosis. Different decontamination interventions, including chemical interventions, are used to reduce foodborne pathogens such as Campylobacter spp. in poultry (8, 9) . The currently approved chemical interventions remain an important tool for control of foodborne bacteria on raw poultry products. One of these antimicrobial interventions, the prechill application of acidified sodium chlorite (ASC; Sanova, Alcide Corporation, Redmond, Wash.) activated by citric acid, reduces the levels of Escherichia coli, Campylobacter spp., and Salmonella spp. on poultry carcasses (14, 15, 17) . However, the efficacy of prechill applications may be limited by cross-contamination that may occur in the chill tank (17) . Chemical decontamination during postchill operations may be more efficient than prechill interventions in reducing microbial loads. The goal of these studies was to evaluate the efficacy of immersion postchill applications of ASC against Campylobacter spp. and E. coli in a commercial poultry processing operation.
MATERIALS AND METHODS
Samples were randomly collected before the inside-outsidebird washer (IOBW), after the IOBW, after the chiller (postchill), and after the postchill application of ASC in a federally inspected commercial poultry-processing facility. The postchill application of ASC was done by whole carcass immersion immediately after the chiller. Carcasses were in contact with ASC for approximately 15 s. The ASC was applied in accordance with title 21 of the Code of Federal Regulations (4) at 500 to 1,200 ppm sodium chlorite and pH 2.3 to 2.9. In both experiments, the amount of sodium chlorite was between 600 and 800 ppm, and the pH was between 2.5 and 2.7. The carcass rinse technique was used to collect samples for microbial analyses (3) . Only carcasses with no visual defects or tears were used in these experiments. Each carcass was placed in a sterile polybag with 400 ml of buffered peptone water (Remel, Lenexa, Kans.; International Bioproducts, Bothell, Wash.) and rinsed for 1 min. Buffered peptone water was chosen for the rinse solution because of its effectiveness in inactivating ASC (16 (19, 20, 25) . Hunt enrichment broth was used for the enrichment of the samples (11) . Campylobacter isolation was done under microaerophilic conditions (Camp-Gen, Oxoid, Hampshire, UK) at 42ЊC. Presumptive Campylobacter colonies were identified by latex agglutination and direct microscopic examination.
Experiment 2.
Ten samples were collected per day for 4 days (40 samples per site). Carcass rinses were kept in ice and analyzed in our laboratories within 5 h of collection. For Campylobacter isolation, each carcass rinse was spiral plated (Spiral System, Inc., Cincinnati, Ohio) onto Campy-Cefex (27) , Campy-Line (20) , Karmali (Oxoid) (13) , and modified charcoal cefoperazone deoxycholate (Oxoid) (12) agars for direct enumeration of Campylobacter spp. For sample enrichment, a 20-ml subsample of the rinse was added to 20 ml of double-strength blood-free Bolton broth (Oxoid) (6) and incubated at 42ЊC for 48 h under microaerophilic conditions (Camp-Gen). After incubation, a loopful of Bolton broth was transferred to Campy-Cefex agar and incubated at 42ЊC for 48 h. Colony morphology and phase contrast microscopic examination (cell morphology and motility) were used for presumptive identification. Confirmation of Campylobacter isolates was done with a latex agglutination test (CAMPY ( jcl), Panbio, Inc., Columbia, Md.). Only 30 samples per site were tested for E. coli counts using 3M Petrifilm E. coli/Coliform Count Plates.
Statistical analysis. All bacterial counts were converted to log CFU per milliliter. Analysis was done using the general linear models procedure (SAS Institute, Cary, N.C.), with significance set at P Յ 0.05. Means were analyzed for differences by Tukey's honestly significant difference test (SAS). Samples from which no Campylobacter was recovered after direct plating but from which the bacterium was recovered after enrichment were assigned a value of 10 CFU/ml. The prevalence of Campylobacter was analyzed with the chi-square test.
RESULTS

Experiment 1.
The mean values (log CFU per milliliter of rinse) of Campylobacter spp. (percentage of positive samples) were 2.83 (100%), 2.13 (100%), 1.04 (100%), and 0.12 (12.5%) for pre-IOBW, post-IOBW, postchill, and post-ASC, respectively (Table 1 ). There was a significant reduction (0.70 log CFU/ml) in Campylobacter spp. counts associated with the IOBW (difference between pre-IOBW and post-IOBW). There was no significant difference, however, in the number of positive samples before and after the IOBW. The chill tank accounted for a significant reduction The mean counts (log CFU per milliliter) of E. coli showed a continuous decrease along the sampling sites. The IOBW accounted for a significant decrease of 1.06 log CFU/ml, but the chiller did not yield any additional reduction. However, the application of ASC significantly reduced the levels of E. coli to values below detection.
Experiment 2.
The mean values (log CFU per milliliter of rinse) of Campylobacter spp. (percentage of positive samples) were 2.86 (95%), 2.52 (95%), 1.22 (77.5%), and 0.02 (2.5%) for pre-IOBW, post-IOBW, postchill, and post-ASC, respectively. The IOBW did not significantly reduce the counts or prevalence of Campylobacter spp. However, there was a significant reduction of Campylobacter spp. counts and prevalence after the chiller (1.3 log CFU/ml) and after the postchill application of ASC (1.2 log CFU/ ml).
For E. coli counts, the IOBW did not produce any significant decrease, but the chiller did (1.06 log CFU/ml). E. coli was not recovered in any of the samples after the application of ASC (Table 2) .
DISCUSSION
The effectiveness of the IOBW in reducing Campylobacter spp. and other bacterial pathogens depends greatly on the water volume and pressure and the level of chlorine in the water. These variables may be difficult to control consistently in commercial processing environments. The use of high-water-pressure IOBWs may also be a limitation for processing facilities located in areas where there are restrictions in the amount of water facilities can use. The IOBW yielded a reduction in counts of Campylobacter spp. and E. coli on carcasses, but this reduction was not consistently significant. In addition, the percentage of Campylobacter-positive samples after the IOBW remained the same when compared to pre-IOBW samples (Tables 1 and 2 ).
The chiller accounted for a significant decrease in the number of Campylobacter spp. on broiler carcasses. This observation is consistent with the results reported by Bilgili et al. (5) . However, a large number of postchill carcasses were still positive after Campylobacter spp. enrichment. These results suggest that Campylobacter spp. are usually present in large numbers on carcasses, and normal processing steps (including chilling) may reduce the counts but are not very effective in reducing the prevalence after enrichment. Chilling produced significant decreases in the number of E. coli cells recovered from carcasses in experiment 2 but not in experiment 1 ( Table 2 ). The postchill application of ASC significantly (P Ͻ 0.05) and consistently reduced the counts and prevalence of Campylobacter spp. and the counts of E. coli in both experiments. Less than 0.2 log CFU/ml of Campylobacter spp. and E. coli below detection limits on the carcasses indicated that postchill applications of ASC may effectively control these bacteria. The effect of ASC may be further increased by the stress imposed on Campylobacter cells by the chilling process. The dual impact of low temperatures and ASC treatments has been reported to be detrimental to the survival of Campylobacter spp. (17) .
The combined use of IOBWs and ASC sprays removes visible contamination and allows for continuous online processing of commercial broiler carcasses. In one study, carcasses that underwent continuous online processing showed a reduction of 1.75 log CFU/ml of Campylobacter spp. compared with carcasses that underwent offline reprocessing (14) . Another study revealed a reduction of 99.2% in the number of Campylobacter spp. by the combined effect of water washings and ASC sprays prechill. However, there was no difference in the number of Campylobacter spp. between post-ASC and postchill carcasses, results that suggested to the authors possible contamination of the carcasses in the chiller tank (17) . Although the processes of washing and chilling may reduce the level of bacteria in poultry carcasses, they may also offer an opportunity for cross-contamination (21) . Campylobacter contamination of carcasses entering the chill tank may be so high that the standard chilling process cannot reduce the level of contamination; therefore, the bacterium may still be recovered by enrichment procedures. This was the case in our experiments, in which there was a significant (P Ͻ 0.05) reduction of Campylobacter spp. counts after the chiller, but the prevalence of positive carcasses after enrichment changed in only one experiment.
In our experiments, the average Campylobacter spp. count postevisceration (pre-IOBW) was 2.8 log CFU/ml, which is lower than the previously reported levels of 3.7 log CFU/ml for Campylobacter spp. (14) . However, variations of Ն1.0 log CFU/ml may occur when comparing different processing facilities or the same processing plant at different times. The Campylobacter spp. counts observed post-IOBW and postchill and the E. coli counts at the different sampling sites appear to agree with previous reports (14) , although a variation of Ͼ1.0 log CFU/ml of E. coli was seen between the two experiments in post-IOBW carcasses (Tables 1 and 2 ).
In the second experiment, Campy-Cefex plates were the most consistent medium for direct enumeration of Campylobacter colonies from carcass rinses. Modified charcoal cefoperazone deoxycholate and Karmali agars gave similar results, but Karmali agar had more sporadic counts when compared with Campy-Cefex. Campy-Line agar gave the lowest number of positive samples for Campylobacter spp. More information should be collected to evaluate the impact of different plate media and enrichment protocols for the isolation of Campylobacter spp. from chilled carcasses (24) . The latex agglutination test used for confirmation of presumptive isolates (CAMPY (jcl)) gave several weak positive results for presumptive colonies grown on blood agar plates and two of the reference strains (ATCC 43484 and ATCC 33560). These colonies were oxidase and catalase positive and had typical Campylobacter morphology as revealed by phase-contrast microscopy. All these isolates were confirmed as Campylobacter spp. by API Campy tests (bioMérieux, Hazelwood, Mo.). The identity of the two ATCC strains was also confirmed with a RiboPrinter (DuPont Qualicon, Wilmington, Del.). Stern et al. (26) found a prevalence of 21 to 40.9% Campylobacter spp. postchill when surveying flocks belonging to four producers and four U.S. poultry companies.
In that study, a number of samples collected at the plant underwent processing delays and temperature abuse that were beyond the control of the researchers. These handling factors may have accounted for the low prevalence reported. The same flocks tested at the farm exhibited a prevalence of 87.5% Campylobacter spp. (26) . The prevalence of Campylobacter spp. found in our studies is more in agreement with other reports from retail poultry carcasses in the United States, where 82% (10) and 83.3% (18) of the samples were positive for Campylobacter spp.
Several intervention strategies and changes in processing have been incorporated to comply with the requirements brought about by hazard analysis and critical control point plans (3) . However, to be Ͼ99.9% effective in the reduction of Campylobacter spp., a single intervention step would require a consistent reduction capability of up to 3.7 log CFU/ml, with minimal impact on the organoleptic characteristics of the final product (17) . Other approaches, in which several barriers or hurdles are applied at different processing steps, appear to be more effective in reducing Campylobacter on poultry carcasses.
Results from our studies indicate that a postchill application of ASC is efficacious for the reduction of Campylobacter spp. and E. coli on commercial broiler carcasses. Chemical decontaminations used postchill may help reduce the volume of water needed prechill and may provide longer contact time for the chemical to achieve a lethal effect on foodborne bacteria. Postchill systems may eventually be used in different application forms, such as mist, spray, or bath systems, which could be applied closer to the final stages in processing.
